Post operative ablation of functioning thyroid tissue has become established in the management of differentiated thyroid cancer as the long-term risk of recurrence and death is reduced. This beneficial effect results from the destruction of potentially malignant cells or occult multifocal disease that may occur in up to 30% of patients with papillary tumors [1] [2] [3] [4] Furthermore, the specificity of thyroglobulin as a tumor marker is increased and the sensitivity of subsequent whole body scans seems improved because residual thyroid tissue may compete with recurrent or metastatic thyroid cancer cells for radioiodine uptake. 5 Indeed, it has been demonstrated that patients with successful ablation of remnant thyroid tissue have a better prognosis than those with unsuccessful ablation (disease-free survival of 87% versus 49% after 10 years, while thyroid cancer-related survival was 93% versus 78%). 6 This suggests that it is important to achieve complete ablation as soon as possible after diagnosis in order to ensure the best possible prognosis for a patient.
In 2000, 7 we demonstrated that the optimal dose (specific activity of I-131 administered) required to achieve ablation is a high dose of approximately 100 mCi, and thus lower doses are not as beneficial as the conventional doses of 75 to 100 mCi (2775-3700 MBq) in terms of successful remnant ablation. Recently, Hackshaw et al 8 carried out another meta-analysis including studies published since 2000, and surprisingly, report that from the published data it is not possible to reliably determine whether ablation success rates using 30 mCi are similar to using 100 mCi. Our analysis 7 published in 2000 predicted that the risk estimates were stable. We did not think additional data would refute these findings, but rather would further narrow down the confidence intervals (CI) of the risk estimate. Thus, we performed this analysis again using the same data extracted by Hackshaw et al. 8 The methods used were the same as previously described 7 and the quantification was on the dichotomous variable "risk of failure of remnant ablation after I-131." There were a total of 2,584 patients (as opposed to our previous report which consisted of 967 patients), and of these, 1,094 patients who were given low doses and 1,490 patients who were given high doses were extracted from the 22 datasets that contained both a low-dose and high-dose group as reported in the study by Hackshaw et al. 8 Of these 22 datasets, six Figure 1 . Standard meta-analysis and cumulative meta-analysis. (A) The standard meta-analysis plot of the risk ratios for non-ablation in a comparison of high-dose radioiodine (treatment group) with lowdose radioiodine (control group). The point estimates for the relative risk (RR) of each study and the pooled point estimate are shown by the vertical lines, while the horizontal lines show the confidence intervals (CI). "n" is the number of patients in each study. The summary RR is given for each group and "p" is the significance level. Group 1 contains cohorts with near-total surgery, group 2 contains the randomized controlled trials with mixed surgical status, while group 3 contains cohorts with mixed surgical status. The studies are ordered by year of publication. RR<1 denotes a reduction in the number of failures in the high-dose group as compared with the low-dose group. The pooled RR for all studies (in both high-dose and low-dose groups combined) is indicated by "Total." The CI of the estimate of the RR in the DeGroot 28 study was wide (95% CI, 0.001 to 2.62) as there were no failures in the high-dose group. As such, the CI line was truncated as indicated by the dotted line ("…"). (B) The results of the cumulative metaanalysis of the same data. "Sizes" indicates the cumulative number of patients in the clinical studies. The points and lines represent the point estimates and the 95% CIs of the pooled results after the inclusion of each additional study in the calculations. The studies have been sorted in order of year of publication. The CIs typically narrow with the addition of more studies over the years, suggesting that substantial heterogeneity does not exist. RR was plotted on a linear scale. (C) The results of cumulative meta-analysis by subgroup. The same conclusion persists, thus adding to the reliability of these results. RR was plotted on a log scale. "NT" indicates near-total surgery group (identified as "Woodhouse1" in Doi 2000 study). "ST" indicates subtotal surgery group (identified as "Woodhouse2" in Doi 2000 study). The letters "a" and "b" following "Lin 1998" identify two different studies by Lin published in 1998.
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were randomized controlled trials with mixed surgical status (group 2), 9-14 four were cohorts with near-total thyroidectomy (group 1) 7,15-17 and 12 were cohorts with mixed surgical status (group 3). 7, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Because of the concern about combining data from studies with markedly different designs, separate analyses were done for each group, as well as a pooled analysis. Since the test for heterogeneity was almost statistically significant (Cochran Q for heterogeneity, P=0.08), a random effects model was used as it does not assume that a common (fixed) treatment effect exists but rather that the true treatment effects in the individual studies may be different from each other. Such an analysis assumes the distribution of different true effects in each study is normally distributed, and we can estimate the summary of the different effects. However, we did not find a significant difference in results using a fixed or random effects model, and the CIs in the cumulative plot narrow with each additional study, suggesting that it may be reasonable to combine the studies into one stratum.
Most studies used a high dose of 2775-3700 MBq (75-100 mCi). The summary high-dose to low-dose group relative risk (RR) of non-ablation after the first dose was 0.58 (95% CI, 0.46-0.74) for the cohort studies in group 1 and 0.88 (95% CI, 0.78-1) for those in group 3 using the random effects model. RR was 0.68 (95% CI, 0.43-1.07) for the randomized controlled trials (group 2) using the random effects model. The subgroup summary and individual study RRs and 95% CIs, listed by year of publication, are depicted individually in figure 1A . A cumulative analysis is depicted in figure 1B , while figure 1C displays the result of a cumulative analysis by subgroup. The pooled RR for all studies is 0.73 (95% CI, 0.62-0.85) which is identical to the risk estimate we reported previously (RR=0.73; 95% CI, 0.61-0.87). 7 This indicates that despite the inclusion of additional studies from the last 7 years, and more than doubling the patient pool, these estimates remain stable and affirm our previous findings. 7 Thus, we cannot agree with the findings of Hackshaw et al. 8 In summary, our analyses indicate that high-dose patients have about one-third less risk of non-ablation than low-dose patients, more so if extent of surgery is near-total and less so if incomplete surgery is performed.
We have not attempted here to redefine the pertinent issues in meta-analysis such as eligibility criteria, restriction of sample size or length of follow-up, eligibility based on similarity of treatments or outcomes or study quality, as these have been addressed in the original meta-analyses. 7, 8 Nevertheless, we must draw attention to a few important study differences that exist. The most important, as mentioned previously, is confounding caused by the extent of surgery. This, however, should bias the end result towards less effect for the high-dose group unless more patients with subtotal surgery were given lower doses. This seems unlikely as clinicians are prone to give higher doses to patients with subtotal surgery. However, as both high and low doses are less effective in less complete surgery, groups 2 and 3 demonstrate blunted risk differences.
An additional confounding factor would be the timing of post-ablation scans. If those patients given higher doses were scanned later than those given lower doses, a biased estimate of risk reduction could be determined. There was no reason to suspect that this had occurred in any study included in this analysis. One issue that certainly needs to be considered in the interpretation of this synthesis is the possibility of selection bias in the same direction across the studies, thus falsely exaggerating the risk estimates. In hospital-based cohort studies, it may be difficult to ensure comparability of the low-dose and high-dose groups, since selection bias as a result of unknown referral patterns cannot be easily overcome. However, we would assume that lower risk patients get lower doses and vice-versa, leading to non-differential bias resulting in a trend towards no difference rather than an exaggerated effect for higher doses. Finally, publication bias certainly may have influenced these results as indicated by Hackshaw et al, 8 but this is a subject where negative results with larger doses would certainly qualify for publication due to the controversy that exists.
We would like to repeat our previous conclusion 7 that, while it is true a higher dose means higher costs of admission to the hospital and patient inconvenience, comparing this and the rather insignificant side effects of the higher dose to that of a lower dose should focus in the first instance on an estimate of the benefits of successful ablation. Wong et al 4 used a decision analytic perspective to determine that successful ablation probably reduces cancer recurrence rates by 54%, and the change in life expectancy gained by successful ablation is about equal to that gained by coronary artery bypass graft in patients with two vessel coronary artery disease. The question of cost and inconvenience with high-dose therapy is similar to the question of choice of surgeon in coronary artery bypass graft. The stage of the tumor, extent of surgery and age of the patient are all factors in this decision-making process. We conclude that after increasingly meticulous near-total surgery and careful patient selection, the available data continue to favor higher doses of radioiodine (in the region of 2775-3700 MBq) for remnant ablation, especially after near-total thyroidectomy.
